SUMMARY
tone as necessary. Tidal volume was measured with a Wright's respirometer and the respiratory pattern recorded by means of a thermistor placed in the catheter mount. End-tidal carbon dioxide concentration was measured with a capnograph (Datex). Heart rate and rhythm were monitored throughout each study. A polyethylene cannula was inserted to a radial artery (usually the left) to permit the continuous measurement of arterial pressure, and the regular collection of blood samples.
Simultaneous recordings of tetanic and single twitch contractions of the adductor pollicis muscles were obtained by stimulating each ulnar nerve supramaximally at the wrist every 12 s, one 
RESULTS
with single shocks of 0.1 ms duration. After baseline recordings (which served as controls) were obtained, alcuronium 0.2 mg kg" 1 was given as an i.v. bolus, the trachea was intubated and artificial ventilation commenced. The minute volume was adjusted to give an end-tidal carbon dioxide concentration of between 4 and 6%. Artificial ventilation was continued until the reappearance of the tetanic response, at which point it was discontinued and oxygenation maintained thereafter by means of the apnoeic diffusion technique first described by Enghoff, Holmdahl and Risholm (1951) .
The return of spontaneous breathing was recorded and its adequacy assessed by serial measurements of tidal volume and end-tidal carbon dioxide concentration. In addition, arterial blood samples were taken at 5, 15, 30 and 60 min after the return of spontaneous breathing for subsequent analysis. Because of the slow recovery of neuromuscular function it was necessary to administer neostigmine (preceded by atropine 1.2 mg) i.v. These drugs were given at varying arbitrary times which depended upon the time available to complete each study. Results were expressed as the means ± SEM.
The mean times of onset of, and initial recovery from, neuromuscular blockade (measured from the administration of alcuronium) are shown in table I. Complete blockade of the tetanic response occurred very quickly-in a mean time of 45 ±4.1 s; blockade of the twitch response occurred more slowly at 5.22 ±0.98 min after the administration of the drug. The tetanic response returned at 19.2±2.6min, after which patients were disconnected from the ventilator. Spontaneous breathing returned 23.6 ±2.1 min after the injection of the drug.
The results of the serial tidal volume and end-tidal carbon dioxide measurements, together with those of the arterial blood analyses, are shown in table II. Mean values demonstrate a gradual increase with time in tidal volume-from 204±4.1ml at 5 min, to 343±12.8ml after antagonism, and the simultaneous decrease in arterial carbon dioxide partial pressures from 7.42±0.49kPa at 5 min to 6.17±0.23kPa after antagonism. The values of end-tidal carbon dioxide concentration mirrored the arterial carbon dioxide tensions. Thirty minutes after the onset of spontaneous respiration, that is, approximately The degree of residual neuromuscular blockade at 60 min after the administration of the alcuronium is shown in table III. The values quoted for tetanic fade were calculated as the difference between the peak height of the tetanic contraction and that of the sustained contraction expressed as a percentage of the peak height. Despite adequate respiratory exchange, the degree of blockade (at approximately 60 min) was substantial; the peak height of the twitch contraction was 38.76 ± 13.09% of control and the peak height of the tetanic contraction had only recovered to a mean of 24 ± 4.6 % of control with 87 ± 3.7 % fade (table III) . Table IV shows the times (min) of administration of neostigmine, measured from the injection of the alcuronium, the degree of recovery present at antagonism and the time taken from the injection of neostigmine to 95 % recovery of the twitch and tetanic heights. Neostigmine was given 73-120 min after the alcuronium. Before antagonism, the twitch response ranged from 45 to 100% of control, and the recovery of the tetanic response ranged from 28 to 58 % of control peak height with 86-25 % fade. After antagonism, 95 % recovery of the twitch response was achieved within 1-6 min, and 95 % recovery of the tetanic response within 9 min for five patients. However, in the sixth patient, the tetanic height reached only 56 % of control after one dose of neostigmine and a second dose was given, bringing tetanic height to 75% of control. The pattern of recovery followed the degree of blockade present when neostigmine was given. The patient with the greatest degree of spontaneous recovery (tetanic height 58 % of control) recovered the fastest and the patient with the least recovery (tetanic height 18% of control) was the slowest to recover from the neuromuscular blockade.
DISCUSSION
In this study, respiratory exchange was finally judged to be adequate 60 min after the administration of alcuronium. At this stage peripheral neuromuscular function was still markedly depressed with a mean tetanic height of 24 ± 4.6 % of control and with 87 ±3.7% fade. This study, therefore, demonstrated the respiratory sparing effect of alcuronium in anaesthetized man. The long duration of action of alcuronium explains the occasionally disappointing antagonism of its action following neostigmine. If recovery is required after a short procedure such as laparoscopy (lasting 20 min), antagonism may be unsatisfactory at this stage as spontaneous recovery is just beginning to occur and antagonism from (Katz, 1967) . In this study we did not give neostigmine at a predetermined point in the return of neuromuscular function, as the effects of neostigmine were not being examined.
Other workers have found a long duration of action with alcuronium. On clinical grounds, Hunter (1964) concluded that alcuronium had a fairly "short action", but that antagonism with neostigmine was unreliable. Baraka (1967) found no difference in the duration of action between alcuronium and tubocurarine. Heneghan, McAuliffe and Radford (1981) compared two techniques of tracheal anaesthesia for dental surgery. One group of patients were allowed to breathe oxygen, nitrous oxide and halothane spontaneously, while the other group were ventilated mechanically after neuromuscular blockade with alcuronium. The latter technique was associated with a significantly higher incidence of morbidity. At discharge, 17 of 24 patients in the alcuronium group had double vision (halothane group 0), and 23 of 24 in the group who had received a neuromuscular blocker felt weak compared with 14 in the halothane group. More recently Collins, Plantevin and Docherty (1984) compared the use of atracurium and alcuronium in day-case gynaecological surgery and noted a marked decrease in minor postoperative sequelae in the atracurium group, which they attributed to the shorter duration of atracurium. Lin and Homi (1985) concluded, as a result of their comparison of alcuronium with atracurium, that alcuronium had a long duration of action.
Like other general anaesthetics halothane, in sufficient concentration, will cause muscle relaxation which results primarily from depression of the central nervous system (Ngai, Hanks and Farhie, 1965) . It is also well established that halothane enhances and prolongs the paralysing effects of competitive blocking agents (Katz and Gissen, 1967; Hughes and Payne, 1979) . Hughes and Payne (1979) found no effect on a 50-Hz tetanus in the presence of 1 and 2% halothane before the administration of tubocurarine, dimethyltubocurarine and gallamine, but found increased tetanic fade and decreased peak tetanic height after the administration of these drugs. These workers have not demonstrated a significant effect with halothane in concentrations less than 1 %. More recently Hackett, Hughes and Payne (1983) have shown no difference in recovery times following neuromuscular blockade with atracurium in patients anaesthetized with etomidate or halothane. Therefore, we have assumed that the presence of 0.5 % halothane did not significantly influence recovery in this study.
There is at present no clinical test to determine whether all receptors are free of neuromuscular blocker and we do not know how sensitive a test must be to ensure adequate muscle strength to overcome airway obstruction and permit effective coughing. A normal response to a 50-Hz tetanus predicts that responses to physiological frequencies are unimpaired, but does not estimate the fraction of receptors in excess of those required for normal transmission, that is the margin of safety which is narrowed by anaesthesia and partial curarization (Waud and Waud, 1972) . Harrison (1978) , in a retrospective survey of deaths attributable to anaesthesia, points out that respiratory inadequacy following myoneural blockade was the second commonest cause of mortality after hypovolaemia. Respiratory exchange was shown to be adequate in the present study, in fit patients with tracheal tubes in situ to guarantee the patency of the airway, in the presence of a much reduced tetanic response with marked tetanic fade of the adductor pollicis muscle. In view of its delayed recovery characteristics, it is suggested that alcuronium be reserved for the longer surgical procedure. Furthermore, since this study has demonstrated that adequate respiration is not a reliable index of recovery, it is advisable to assess neuromuscular function with a peripheral nerve stimulator before and after induced reversal with neostigmine.
ADDENDUM
Onset of recovery of the twitch response usually precedes that of the tetanic contraction, but in this study the recordings did not conform to this pattern (table II) . In an attempt to eliminate electrical interference from the twitch recording, a suppression unit had been incorporated to the circuitry and had the effect of damping the initial weak responses. Consequently, the apparent recovery of the twitch responses was delayed and therefore these values are inaccurate.
